During the past 30 years, Logan Township has evolved from a mostly rural and agricultural community to one that includes an increasing number of industrial sites. In 1982, the New Jersey Department of Environmental Protection (NJDEP) expressed concern that operations at four industrial sites posed a threat of contamination to the area's ground-water resources (Miller and others, 1982, p fig. 1 ). At least three domestic wells in the vicinity of BROS and CLTL haye been closed by the NJDEP due to contamination from organic chemicals (Miller and others, 1982, p. 35) . BROS and CLTL are included on the U.S. Environmental Protection Agency (USEPA) National Priorities ("Superfund") List (U 1984) .
S. Environmental Protection Agency,
Logan Township is underlain by the P<f>tomac-Raritan-Magothy aquifer system; all four of the industrial sites discussed in this report are located in the outcrop area of that aquifer system (Zapecza, 1984, pi. 6) . No other aquifers underlie the Township (Zapecza, 1984, pi. 6) , and there are no nearby sources of potable surface water. Because the Township depends on the Potomac-Raritan-Magothy aquifer system as its sole source of potable water, assessment of the effect of industrial sites on the aquifer system is essential.
During 1983 and 1984, the U.S. Geological Survey (USGS), in cooperation with Logan Township, Gloucester County, Now Jersey, investigated the quality of ground water and surface water at the Jfour sites listed above as part of a comprehensive study of the Township's water resources. Although additional potential sources of ground-water contamination may exist within the Township, well-documented histories of hazardous-waste disposal and ground-water contamination are available only for these four sites.
Prior to beginning on-site water-quality investigations, the USGS conducted a review of existing literature 1 and data on previous ground-water investigations at the four industrial sites. The purpose of the literature review was to determine the scope of previous work so that the subsequent investigation by the USGS could be designed to complement the previous investigations conducted by consultants hi.red by the industries, some consultants hired by the USEPA, and County and State regulatory agencies. 
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Purpose and jScope
This report compiles literature and data pertaining to the history of ground-water contamination and ground-water investigations through 1985 at four industrial sites in Logan Township, New Jersey.
Literature on ground-water quality at the four sites includes more than 50 reports by Federal and State regulatory agencies and by private consultants as well as numerous data sets, letters, memoranda, and other documents. A single document that compiles all of this information is needed by current and future water-quality investigators.
Because of the wide variety of water-quality-data source material that was reviewed as part of this study, information such as types of data presented, units of concentration, and levels of analytical accuracy were not standardized in any way in the source material. In many cases, only detected constituents were reported; whether samples were analyzed for additional constituents is unknown. In some cases, water-quality data were not linked explicitly to specific wells, and in other cases, precise well locations were not reported. For the purpose of this report, no attempt was made to standardize, verify, or augment reported water-quality data or to determine well locations precisely. Consequently, well locations are not plotted on figures, but general well locations are discussed. In addition, no attempt is made in this report to interpret the data presented; however, interpretations described in the literature are summarized.
Because the ground-water-quality data in the literature for each of the four sites are extensive and, in many cases, repetitive, all of the available data are not presented in this report. For those sites for which several similar data sets are available, the most recent data set is summarized. For one site for which the types of data available vary significantly from reference to reference, two complementary data sets are summarized in this report.
Little Timber Creek. Little Timber Creek flows north into Cedar Swamp, which is connected to the Delaware River by a ditch that was dredged in 1975 ( fig. 1 ) (E.G. Weissmann, Roy F. Weston, Inc., written commun., 1981) .
The lagoon occupies a depression formed by excavation for sand and gravel from the late 1930's through the late 1960's (Camp Dresser and McKee, Inc., 1983) . Aerial photographs reveal that unknown materials were dumped in the lagoon as far back as 1940 (NUS Corporation, 1984a, p. 3-4) . Construction of the tank farm began in the late 1950's (A.M. Gevirtz, U.S. Environmental Protection Agency, written commun., 1980). Waste-oil storage and recovery operations at the site reportedly date back to at least the early 1960's (R.E. Dixon, Gloucester County Planning Department, written commun., 1980) . In 1969, BROS was established as a waste-oil storage and recovery facility and a tank-leasing business (R.E. Dixon, Gloucester County Planning Department, written commun., 1980) . While the plant was owned by BROS, the lagoon was used for oil storage (R.E. Dixon, Gloucester County Planning Department, written commun., 1980) . No information is available concerning the composition of the stored oil. The site has not been used commercially since BROS discontinued operations 1979.
Operations conducted by BROS were described by the company's operating supervisor as follows (A.M. Gevirtz, U.S. Environmental Protection Agency, written commun., 1980). Waste oil was obtained from gas stations, government installations, and trucking firms. Crankcase oil and numbers 2, 4, and 5 fuel oils were among the types of waste oils that were accepted, but no polychlorinated biphenyls (PCB's) or transformer oils reportedly were accepted. The waste oils were blended in underground tanks from which they were pumped into a steam-heated tank and diluted. Solids were removed and clean oil was collected. Approximately one drum of solids per week was derived from the oil-cleaning process and was removed by a waste handler. The filtered oil was transferred to storage tanks and sold as industrial fuel. Excess unprocessed oil also was stored in tanks. No records exist to document the nature of the materials that were accepted or the disposition of any shipment. In addition to using underground tanks as part of the oilprocessing procedure, BROS also leased above-ground storage tanks to several firms. The contents of many of the leased tanks reportedly were unknown to the site owner (A.M. Gevirtz, U.S. Environmental Protection Agency, written commun., 1980).
In the early 1970's, the NJDEP ordered BROS to treat the oil phase of the lagoon contents using an on-site oil-treatment system. This action was discontinued by order of the NJDEP in 1975 because the treatment system was inadequate, and wastewater of unacceptable quality was being discharged into Little Timber Creek (Camp Dresser and McKee, Inc., 1983) .
A major concern regarding the BROS site has been the rising level of liquid in the lagoon. Since the oil-processing operation began, the liquid level in the lagoon has been as much as 10 feet higher than the local water table (NUS Corporation, 1984b, p. 3-6) . The contents of the lagoon currently are separated into three phases: an upper oil layer with floating debris, a middle contaminated aqueous layer, and a lower oily sediment-sludge layer (NUS Corporation, 1984b, p. 3-6) . The rising liquid level probably is the result of a combination of two factors: (1) the oil layer on top of the lagoon permits precipitation to enter the lagoon but prevents evaporation of water out of the lagoon (Camp Dresser and McKee, Inc., 1983) and (2) the lagoon is lined by sludge that retards the seepage of liquids from its sides and bottom (NUS Corporation, 1984b, p. 3-10) .
Although dikes have been in place around the lagoon for several years, they were breached on at least one occasion in the early 1970's when oil and water spilled out and flowed east from the lagoon toward Little Timber Creek (NUS Corporation, 1984a, p. 3-5) . In addition, oil may have seeped out of the lagoon through the dikes, as suggested by the detection of a slight sheen on the surface of the pond southwest of the oil lagoon ( fig. 2 ).
Another concern associated with the high liquid level in the lagoon is the possibility of radial flow of contaminated water outward from the sides of the lagoon (NUS Corporation, 1984a, p. 3-6) , an inevitable result of the high hydraulic head unless the sides are completely sealed by sludge.
The rising liquid level in the lagoon has been addressed both by upgrading the dike and by pumping water from the lagoon. The dike was upgraded and enlarged in the spring of 1981 by the U.S. Coast Guard under the Federal Clean Water Act (NUS Corporation, 1984a, p. 3-5) . In the spring of 1982, the USEPA pumped water from the lagoon, lowering its level by 2 feet. This operation was repeated in the spring of 1983, when heavy rain again raised the liquid level. The pumped water was treated with activated carbon and discharged into Little Timber Creek (NUS Corporation, 1984a, p. 3-5) .
The aqueous layer of the lagoon was pumped again by the USEPA from November 1983 through July 1984 until the level was within 5 feet of the surrounding water table. Water pumped during that operation was treated by gravity separation, air stripping, flocculation, clarification, and granular activated-carbon adsorption before being discharged into Little Timber Creek (NUS Corporation, 1984a, p. 3-6) .
Storage tanks on the property also may have threatened the quality of ground water and surface water. A.M. Gevirtz (U.S. Environmental Protection Agency, written commun., 1980) noted evidence of leaking tanks, the absence of containment dikes around most tanks, and the generally poor physical condition of the tanks.
Summary of Ground-Water Investigations
In 1983, NUS Corporation conducted an investigation to define the location and extent of ground-water contamination at the BROS site. Magnetic and electromagnetic-conductivity surveys were conducted and samples were collected from the oil lagoon and nearby wells.
The magnetometer survey, conducted in areas bordering the lagoon on the east, west, and northwest, indicated that buried material may exist in areas east and northwest of the lagoon (NUS Corporation, 1984b, p. 3-3) . The electromagnetic-conductivity surveys indicated the presence of three discrete plumes of contaminated ground-water extending from the lagoon toward the eastnortheast, south, and west-northwest. All three plumes were estimated to have traveled less than 500 feet from the lagoon (NUS Corporation, 1984b, p. 3-4) .
All three phases of the lagoon (top-oijl, middle-aqueous, and bottomsludge) were sampled in August 1983; the oijl and sludge phases were sampled again in January 1984. The top oil layer, toith an estimated volume of 2 to 3 million gallons, contained PCB's in concentrations ranging from 100 to 1,380 ppm (parts per million) and averaging 667 pjpm (NUS Corporation, 1984b, p. 3-6) . Other hazardous substances in the oil layer included ethylbenzene in concentrations ranging from 11.5 to 50.9 ppm and toluene in concentrations ranging from 35 to 74 ppm (NUS Corporation, 1984b, p. 3-7) . Metals detected in the oil layer included lead (160 to 1,525 ppm), nickel (1.0 to 6.0 ppm), barium (40 to 180 ppm), chromium (2.0 to 29 ppm), and mercury (<0.15 to 0.25 ppm) (NUS Corporation, 1984b, p. 3-7) .
Organic and inorganic substances found in the aqueous layer of the lagoon are listed in table 1 along with NJDEP and USEPA drinking-water standards. Of the 37 organic constituents listed in table 1, 19 were detected in the aqueous phase of the lagoon. NJDEP drinking-water standards for benzene and xylene were exceeded in nearly all of the samples (NUS Corporation, 1984c) 2 . Inorganic constituents detected in the aqueous layer of the lagoon at concentrations exceeding USEPA drinking-water standards were cadmium, chromium, copper, lead, mercury, selenium, and zinc. No information is available to indicate whether analyses were made for any constituents not listed in table 1. No PCB's were detected in the aqueous layer of the lagoon by NUS Corporation in 1983 or 1984, probably because of the low solubility of PCB's in water (NUS Corporation, 1984b, p. 3-8) .
The sludge layer of the lagoon contained PCB's in concentrations ranging from 190 to 1,400 ppm. Sludge samples were!not analyzed for volatile organic compounds. Metals detected in the sludge l^yer included lead (368 to 760 ppm), chromium (12 to 25 ppm), nickel (9.2 po 31 ppm), and arsenic (0.53 to 7.6 ppm) (NUS Corporation, 1984b, p. 3-8) . Sludge samples also were analyzed for pesticides and herbicides; no concentrations of these substances in excess of USEPA toxicity criteria were detected (NUS Corporation, 1984b, p. 3-7) .
In 1983 and 1984, NUS Corporation collected 37 water samples from 18 observation wells located at distances ranging from 65 to 980 feet from the oil lagoon. Analytical results for those s^imples are summarized in table 1. Although no information regarding depths of specific wells was reported, 2 Throughout the text of this report, generalizations regarding violations of drinking-water standards are made to summarize the detailed information presented in tables 1-5. Some of the drinkIng-water standards listed in tables 1-5 were established by the NJDEP; others were established by the USEPA. Consequently, the term "drinking-waiter standards" in the text may refer to standards set by the NJDEP, primarj[ drinking-water regulations or secondary drinking-water recommended limits set by the USEPA, or a combination of these depending on the chemical constituent discussed. Refer to tables 1-5 for detailed information regarding the drinking-water standards of each regulatory agency. [Data from NUS Corporation (1984b); and Camp, Dresser, McKee (1983) Of the 37 organic constituents listed in table 1, all except PCB's were detected in at least one of the water samples. The NJDEP drinking-water standard for at least one of the organic constituents listed in table 1 was exceeded in at least one sample from each of the 18 observation wells. Inorganic constituents detected in concentrations exceeding drinking-water standards were iron, lead, manganese, and zinc.
On the basis of the results of water-quality sampling and surfacegeophysical surveys, NUS Corporation (1984b, p. 3-15) concluded that (1) discrete contaminant plumes emanating from the lagoon were flowing to the south, northwest, and east-northeast; (2) the plume to the south was least contaminated and the plume to the east-northeast was most contaminated; (3) the plume to the east-northeast was flowing into Little Timber Creek; and (4) the plumes to the south and northwest of the lagoon had not traveled far from the lagoon, as evidenced by substantial improvement in water quality at a distance of 400 to 600 feet from the lagoon. Because no observation wells are located greater than 200 feet east of the lagoon, no conclusions were made concerning plume migration to the east. Domestic wells near the BROS site are located in four general areas:
(1) an area 3,000 to 4,000 feet southwest of the site, (2) an area 2,500 to 4,000 feet west of the site, (3) an area 3,000 to 4,000 feet northeast of the site, and (4) an area adjacent to the site extending about 1,000 feet to the north, northwest, and west. Water-quality data for the domestic wells provided by the USEPA to NUS Corporation was summarized by NUS Corporation (1984b, p. 3-16 -3-19) . These data indicate that no contamination was detected in water samples from the five domestic wells located 3,000 to 4,000 feet southwest of the site (NUS Corporation, 1984b, p. 3-19) . Organic contamination was detected in samples from the nine wells located 2,500 to 4,000 feet west of the site and the four wells located 3,000 to 4,000 feet northeast of the site. However, on the basis of the types of chemicals detected in the wells and on assumed ground-water-flow directions, NUS Corporation (1984b, p. 3-18) concluded that the contamination in those wells was not derived from the BROS site. For example, 1,2-dichloroethane (up to 93 ppb (parts per billion)) and vinyl chloride (up to 170 ppb) were detected in the the most contaminated residential well in the area west of the site but neither chemical was detected in any BROS observation well. In addition, two ground-water discharge zones (Cedar Swamp and Cooper Lake) are located between the BROS site and the domestic wells west of the site. Another discharge zone (Little Timber Creek) is located between the BROS site and the domestic wells northeast of the site.
Organic contamination also was detected in water samples from five of the 10 domestic wells located less than 1,000 feet north, northwest, and west of the site. NUS Corporation (1984b, p. 3-16) concluded that the BROS site is the source of contamination in these wells. A summary of ground-water-quality data for these wells is listed in table 1.
To summarize, NUS Corporation (1984b) concluded that leakage from the oil lagoon caused contamination of ground water in areas within 1,000 feet of the 011 lagoon and that contamination found at distances greater than 1,000 feet from the oil lagoon was derived from another source.
CHEMICAL LEAMAN TANK LINES, INC.

History of Ground-Water Contamination
The Chemical Leaman Tank Lines, Inc., facility in Bridgeport, New Jersey, is located on the south side of Cedar Swamp \ Road at the intersection with Oak Grove Road ( fig. 2) . The facility, which has been in operation since 1960, includes a tank-truck terminal where chemical-transportation tanks are maintained, dispatched, and cleaned. Substances used to clean the tanks include caustic solutions and hot kerosene of Environmental Protection, written commun [A.S. Andres, New Jersey Department 1980) as well as hot and cold water, detergents, and steam (EnvironmentaljResources Management, 1981, p. 1-4) . I
Between late 1960 and August 1975, effluent from the cleaning process was discharged into a series of three settling lagoons east of the main building for solid-liquid separation, then sprayed into a series of aeration lagoons south of the main building for additional evaporation and settling. From there, the effluent drained by gravity into the swamp at the southern edge of the property (Environmental Resources Management, 1981, p. 1-6) . In 1975, CLTL ceased discharging its effluent to the;lagoons and the swamp (NUS Corporation, 1985, p. 2-13) . Since then, wastewater from the cleaning operation as well as oil, grease, and other materials from the truckmaintenance operations have been shipped off-site for disposal. In 1977, the former settling lagoons were drained, dredged, and filled with imported materials and former lagoon-dike material (NUS Corporation, 1985, p. 2-9) . The aeration lagoons also were backfilled after evaporation of the remaining contents (Environmental Resources Management;, 1981, p. 1-6).
Other potential sources of ground-water contamination at the site have included leaking tank trucks parked in unpaved areas and drums containing waste sludge stored without secondary containment (J.K. Hamilton, New Jersey Department of Environmental Protection, written commun., 1981). In about 1970 or 1971, a full tank of nitric acid leaked from a tank truck at the northeastern edge of the property (W.R. Hutchinson, New Jersey Department of Environmental Protection, written commun., 1.977).
Summary of Ground-Water Investigations
The first documented indication of ground-water contamination at the site occurred in 1977, when NJDEP personnel noted dead vegetation in the swamp northeast of the facility (W.R. Hutchinson, New Jersey Department of Environmental Protection, written commun., J.977). The NJDEP subsequently sampled the well used by CLTL for its potable supply and found it to contain 981 ppb total volatile organic compounds (Environmental Resources Management, 1981) . The proposed maximum concentration of volatile organic compounds allowed by the NJDEP in drinking water is 5(j) ppb (New Jersey Register, 1987) . Use of that well for potable-water supply subsequently ceased. In 1981, the NJDEP sampled four domestic wells north of $h& CLTL property; those wells also were found to contain organic contaminants (G.L. Kachroo, New Jersey Department of Environmental Protection, written commun., 1981). As a result of these analyses, NJDEP officials concluded that CLTL was responsible for contaminating its own water supply as well as that of homes to the north of the terminal (Environmental Resources Management, 1981, p. 5-1) , and recommended that the company conduct a hydrologic investigation to determine the extent of the contamination (New Jersey Department of Environmental Protection, 1981). In 1980, CLTL engaged the services of Environmental Resources Management (ERM) for that purpose.
In 1981, ERM installed 18 shallow wells (6 to 13 feet deep), five intermediate depth wells (30 to 68 feet deep), and two deep wells (97 and 102 feet deep). The wells are concentrated in five areas: the area in and around the site of the former settling lagoons east of the terminal building, the drum-storage area southeast of the terminal building, the area in and around the former aeration lagoons south of the terminal building, an area northwest of the terminal building, and an area north of the terminal building in the direction of the contaminated domestic wells. All of the wells are located within 650 feet of the terminal building.
Between March and June 1981, water samples were collected from all the wells installed by ERM. All of the analyses were done by Betz-ConverseMurdoch, Inc., for ERM. Table 2 summarizes the results of the analyses reported by ERM (1981) . All of the samples were analyzed for several organic compounds (see table 2 ). All of the samples were analyzed for calcium, chloride, magnesium, potassium, sodium, sulfate, zinc, alkalinity, dissolved solids, oil and gas, pH, phenols, and specific conductance. Samples from some of the wells also were analyzed for arsenic, barium, cadmium, hexavalent chromium, copper, lead, mercury, and selenium.
East of the terminal building, in and around the former settling lagoons, eight shallow wells, two intermediate depth wells, and one deep well were installed and sampled. Contaminant concentrations in these samples generally decreased with depth and with distance from the former lagoons. Of the 60 organic constituents listed in table 2, 39 were reported in one or more of the water samples from the shallow wells, and NJDEP drinking-water standards were exceeded for 13 organic constituents. In some wells, barium, cadmium, chloride, copper, lead, sulfate, and dissolved solids were detected in concentrations exceeding USEPA drinking-water standards.
Samples from the intermediate depth wells east of the terminal building contained 20 of the organic constituents listed in table 2. NJDEP drinkingwater standards for nine of the organic constituents and the USEPA standard for sulfate were exceeded in samples from the intermediate depth wells. The sample from the deep well east of the terminal building contained 15 of the organic constituents listed in table 2. NJDEP drinking-water standards for seven of the organic constituents and USEPA standards for chloride, sulfate, and dissolved solids also were exceeded in the sample from the deep well.
In the area southeast of the terminal building, in and around the drumstorage area, four shallow wells were installed and sampled. No intermediate depth or deep wells were installed in this area. Of the 60 organic constituents listed in table 2, 22 were reported in samples from these wells. Generally, samples from these wells contained the same contaminants as did the samples from the shallow wells east of the terminal building. However, concentrations generally were lower in samples from these wells than in samples from the shallow wells east of the terminal building. . 2 559 a Proposed maximum concentration allowed by the New Jersey Department of Environmental Protection in drinking water in New Jersey. Constituents covered by these criteria have been determined to be harmful to public health (New Jersey Register, 1987) . b No drinking-water standard has been established for this constituent, c No data were reported for some wells, d For these constituents, the 100-/ig/L standard is the maximum total concentration of all these constituents allowed by the New Jersey Department of Environmental Protection in drinking water in New Jersey. These constituents have been determined to be harmful to public health (New Jersey Register, 1987 ). e USEPA Primary Drinking-Water Regulation. Constituents covered by these criteria have been determined to be harmful to public health (U.S. Environmental Protection Agency, 1986). f USEPA National Secondary Drinking-Water Recommended Limit. These standards are for esthetic qualities of water such as taste and odor (U.S. Environmental Protection Agency, 1979a). In the area northwest of the terminalj building, only one 30-feet-deep well was installed. No organic compounds 'were detected in the sample from that well; sulfate was the only inorganic jconstituent detected at a concentration exceeding USEPA or NJDEP drinking-water standards.
North of the facility one shallow well, one intermediate depth well, and one deep well were installed and sampled. ; No past or present source of contamination in this area has been documejnted. In samples from the shallow well, two organic compounds were detected. Samples from the intermediate depth well contained 16 organic compounds,, eight of them above NJDEP drinkingwater standards. No inorganic or other constituents were detected in concentrations exceeding USEPA drinking-waiter standards in the intermediate depth well. Generally, the organic compounds detected in samples from this well also were detected in samples from the intermediate depth wells east of the terminal building, but concentrations in water from the north well were lower. ;
The sample from the deep well north of the main building contained nine of the organic constituents listed in table 2, three of them in concentrations above NJDEP drinking-water standards. No other constituents were detected in concentrations exceeding NJDEP or USEPA drfinking-water standards in the sample from this well. Generally, the contaminants detected in samples from the deep well were the same as those detected in samples from the adjacent intermediate depth well, but the concentrations of contaminants generally were lower in the deep well than in the intermediate depth Well.
Four domestic wells on Cedar Swamp Road north of the CLTL facility were sampled by the NJDEP during 1980 and 1981. These wells range in depth from 13 to 90 feet (Miller and others, 1982, p. 4; Environmental Resources Management, 1981, p. 5-27) . Organic compounds detected in water samples collected from these wells are listed in table 2. These samples were not analyzed for inorganic constituents. Of the organic constituents listed in table 2, nine were detected in samples from the domestic wells, and NJDEP drinking-water standards were exceeded for seven. Eight Icontaminants that were detected in samples from the domestic wells also were the CLTL property. detected in samples from wells on To summarize the analytical results for all ground-water samples reported in table 2, ground water underlying the CLTL property is contaminated at the sites of the former lagoons and the drum-storage area. Within the sites of these former contamination sources, samples from shallow, intermediate depth, and deep wells all were contaminated; the highest contaminant concentrations were found in shallow wells, whereas the lowest concentrations were found in deep wells. North of the facility, where no known source of surface contamination has existed, water from the intermediate depth and deep wells was more highly contaminated than was the water from the shallow well. Water from domestic wells north of the facility contained eight of the same organic constituents that were detected in samples from wells on the CLTL property.
MONSANTO COMPANY
History of Ground-Water Contamination
Monsanto Company owns approximately 450 acres bordered by the Delaware River estuary to the north and Route 130 to the south ( fig. 1 ). Plant operations, landfills, and storage facilities are located on approximately 150 acres in the part of the property west of Birch Creek (fig. 3) .
Plant operations, which began in 1961, include the manufacture of phthalic anhydride, phthalate esters, organophosphates, and other industrial organic compounds (Miller and others, 1982, p. 13) . Wastewater from manufacturing processes and other plant wastewater is treated and discharged into the Delaware River estuary. The wastewater-treatment system, which was installed in 1975, consists of pH neutralization, clarification by settling, activated-sludge treatment, and secondary clarification (Miller and others, 1982, p. 13 ).
Landfills are the major potential source of ground-water contamination at the Monsanto plant. Between 1961 and 1978, non-liquid plant wastes were disposed of in three landfills (former disposal areas 1, 2, and 3) in the northwestern part of the property (fig. 3 ). These three landfills were closed and covered in the 1970's (Miller and others, 1982, p. 13) . In 1978, the currently active disposal area was constructed in the northeastern part of the property (fig. 3 ).
The active disposal area receives manufacturing wastes and dried sludge from the wastewater-treatment system. The wastes include phenol, phthalic acid/anhydride, other aromatic derivatives, maleic acid/anhydride, n-butanol, naphthalene, and triethylamine. The predominant hazardous waste contained in the active disposal area is phthalic anhydride pitch (Geraghty and Miller, 1984b, p. 3) . The landfill has a double clay liner separated by a sand layer, which is used to detect leakage from the landfill.
The NJDEP has determined that shallow ground water underlying the Monsanto property most likely would flow into the Delaware River or Birch Creek, and that deep water underlying the property is captured by pumpage for Monsanto's plant operations (Miller and others, 1982, p. 27) . Therefore, the NJDEP has determined that any ground-water contamination on the Monsanto property poses no threat to ground-water quality on adjacent property (Miller and others, 1982, p. 27 ).
Summary of Ground-Water Investigations
In 1981, an NJDEP investigation of the Monsanto site revealed the presence of various materials, including drums containing PCB's, in former disposal area 1. Consequently, Monsanto Company hired Geraghty and Miller, Inc., to conduct a hydrogeologic investigation of former disposal area 1 (New Jersey Department of Environmental Protection, 1984, p. 5).
In 1982, Geraghty and Miller, Inc., installed 31 observation wells ranging in depth from 11.5 to 46.5 feet at 14 sites both within the landfill and at distances up to 660 feet from it. In 1983, water samples were collected from these wells and from five previously installed wells in the same area to determine the extent of ground-water contamination associated with the landfill.
Contaminants detected in some of the wells included benzaldehyde, benzyl chloride, benzyl alcohol, and Arochlor 1280 (a mixture of PCB's) (Geraghty and Miller, Inc., 1983a, Appendix B) . One well a few feet north of the landfill contained oil as well as water. The highest concentrations of contaminants were found in samples from wells located within the landfill; no contaminants were found in samples from wells more than 100 feet from the landfill (Geraghty and Miller, 1983a, Appendix B) . Consequently, the NJDEP determined that the contamination associated with former disposal area 1 had not threatened ground-water quality on adjoining property (New Jersey Department of Environmental Protection, 1984, p. 1). To ensure that no such threat would develop in the future, Monsanto Company constructed a slurry wall around the landfill in 1984 in accordance vith a NJDEP recommendation. The wall is about 25 feet deep and 1,800 feet long and consists of bentonite slurry, a relatively impermeable material (New Jersey Department of Environmental Protection, 1984, p. 5).
In 1981, liquid was detected between the two clay liners beneath the active disposal area. Results of an investigation conducted to determine whether the landfill was leaking indicated that the liquid did not contain the same chemicals as the landfill and that the liquid therefore must have come from another source (Geraghty and Miller, 1981c, p 
. 1).
Observation wells have been installed at a total of 55 sites on the Monsanto property. At most of these sites, both shallow and deep wells were installed. The shallow wells generally are less that 20 feet deep, and the deep wells generally are 30 to 90 feet deep. Many of the wells are located in and near the landfills, some are located near the manufacturing plant, and some are located along the perimeter of the property.
In order to monitor the extent of ground-water contamination over the entire site, Monsanto Company collects water samples quarterly from 21 wells on the property. The samples are analyzed for PCB's, 89 other organic compounds, chloride, and dissolved solids. Table 3 summarizes the ranges of concentrations of the compounds that were detected in the samples collected in May 1984.
In the area south of the manufacturing plant, one shallow well and three deep wells located 800 to 1,500 feet from all plant operations were sampled. No organic constituents were detected in the sample from the shallow well, and one organic constituent, diethyl phthalate, was detected in the sample from one of the deep wells. None of the samples from those wells contained any constituent in concentrations exceeding NJDEP or USEPA drinking-water standards. In the central part of the property, near the manufacturing plant, two shallow wells and four deep wells were sampled (table 3) . Samples from the two shallow wells contained detectable concentrations of 11 organic constituents, six of which were found in concentrations greater than NJDEP drinking-water standards. These samples also contained concentrations of chloride and dissolved solids exceeding USEPA drinking-water standards. No surficial source of ground-water contamination in this area has been documented. In the deep wells, one organic constituent, diethyl phthalate, was detected. USEPA drinking-water standards for chloride and dissolved solids were exceeded in samples from three of these wells.
In the northern part of the property, where the landfills are located, eight shallow wells and four deep wells were sampled. At least one of the organic compounds listed in table 3 was detected in seven of the shallow wells, and the NJDEP drinking-water standard for one organic compound, benzene, was exceeded in the sample from one of these wells. USEPA drinkingwater standards for chloride and dissolved solids also were exceeded. In water samples from the deep wells, one organic constituent, diethyl phthalate, was detected, and the USEPA drinking-water standard for chloride was exceeded.
The New Jersey Department of Health collected and analyzed water samples from seven wells near the Monsanto property during 1980 and 1981. The wells included two domestic wells about 1,200 feet southwest of the plant, four domestic wells about 1,600 feet south-southeast of the plant, and a municipal well about 5,000 feet southeast of the plant (Miller and others, 1982, p. 2) . All of the samples were analyzed for volatile organic compounds. Volatile organic compounds were detected in water samples from two of these wells, but in each case the total concentration of volatile organic compounds was less that 20 ppb (Miller and others, 1982, Appendix, Table 1-21) . The maximum allowable concentration of volatile organic compounds in drinking water by the NJDEP is 50 ppb (New Jersey Register, 1987) .
To summarize the investigations at Monsanto Company, shallow ground-water underlying the central and northern parts of the Monsanto property contains organic chemicals in concentrations exceeding NJDEP drinking-water standards, but shallow ground water south of the plant is within NJDEP drinking-standards for organic chemicals. Deep ground water underlying all parts of the property also is within NJDEP drinking-water standards for organic chemicals. There is no evidence of movement of contaminated ground-water from the Monsanto property to adjoining properties.
ROLLINS ENVIRONMENTAL SERVICES, INC.
History of Ground-Water Contamination
Rollins Environmental Services, Inc. has operated a hazardous-wastetreatment and -disposal plant in Logan Township since 1970. Land owned by RES encompasses approximately 209 acres bordered by Route 322 to the east, Route 295 to the south, Raccoon Creek to the west, and agricultural land to the north ( figs. 1 and 4) . Plant operations and waste storage have been confined to approximately 78 acres in the northern part of the property along Raccoon Creek (fig. 4) . When RES began operations, the company processed and disposed of a wide variety of industrial wastes (New Jersey Department of Environmental Protection, 1983, p. 1). At that time, six types of wastes were processed at the plant: inorganic wastes (including mixed mineral acids and alkaline solutions), inorganic oxidizers (heavily metal-laden), organic acids, aqueous organic wastes, combustible liquids and sludges, and cyanides (Miller and others, 1982, p. 15) . When the plant began operating, four types of wastetreatment systems were used: physical-chemical, oxidation-reduction, biological degradation by activated sludge, and incineration (Miller and others, 1982, p. 15) . Solids and sludges from treatment processes were landfilled in waste-disposal basins (fig. 4) in the eastern part of the facility (Miller and others, 1982, p. 15) . The number of these basins varied because basins often were added, subdivided, or taken out of service. Wastewater from the waste-treatment processes was treated and was discharged into Raccoon Creek (Miller and others, 1982, p. 15) . The wastewater-treatment system consisted of lagoons ( fig. 4) for equalization, preaeration, and treatment by activated sludge; a trickling filter; and a clarifier. The incineration system ( fig. 4 ) includes a rotary kiln equipped with an airpollution scrubber (Battelle Columbus Division, 1983, p. 1-1).
Although many potential sources of ground-water contamination have been found at the RES site, some were removed easily because they resulted from isolated incidents or short-term practices such as overflowing lagoons, deposition of untreated liquid waste directly on the ground, or temporary storage of leaking drums in unpaved areas (Geraghty and Miller, Inc., 1972, p. 23 ).
The waste-disposal basins have been a major source of ground-water contamination. Many of the basins leaked hazardous chemicals into the surrounding aquifers (New Jersey Department of Environmental Protection, 1983, p. 8) . Six of the basins were clay-lined, but the others were unlined (New Jersey Department of Environmental Protection, 1983, p. 8) . Between 1972 and 1979 , unsuccessful attempts were made to stop the leakage by relining the basins. The NJDEP therefore ordered in 1980 that all landfilling in the basins be discontinued and that waste-disposal processes for which the basins were required also be discontinued (New Jersey Department of Environmental Protection, 1983, p. 8) . Consequently, RES now is allowed to accept only those wastes that can be treated by incineration. Numerous types of wastes (inorganic wastes, inorganic oxidizers, and cyanides) no longer are accepted (Miller and others, 1982, p. 15) .
When landfilling in the basins was discontinued in 1980, there were 14 basins at the site. To prevent further leakage of contaminants from the basins, the contents of two basins were removed and taken off-site, the contents of ten basins were removed and treated, and two basins were capped with impermeable material. The treated material subsequently was placed in three basins that were upgraded for better containment (Battelle Columbus Division, 1983, p. VIII-14) . This basin-closure program was completed in 1985.
Summary of Ground-Water Investigations
The first documented evidence of ground-water contamination at the RES site was found in 1971, when high acidity and high concentrations of dissolved solids, nitrates, and metals were detected! in water samples from shallow observation wells (New Jersey Department of Environmental Protection, 1983, p. 31) . Consequently, Geraghty and Miller Inc., was retained in 1972 to determine ground-water-flow directions, delineate the extent of ground-water contamination, and recommend methods of controlling ground-water contamination.
Water-level data collected in 1972 anld on many occasions thereafter indicated that shallow (1 to 40 feet deep)| ground water at the site generally moves northwest toward Raccoon Creek and tjhe north marsh (Geraghty and Miller, Inc., 1972, p. 15; Geraghty and Miller, Inc., 1976, fig. 4; Geraghty and Miller, Inc., 1980, p. 2; Geraghty and Miller, Inc., 1981b, p. 4; Geraghty and Miller, Inc., 1982b, p. 2; Geraghty and Miller, Inc., 1983b, p. 4; Geraghty and Miller. Inc., 1984a, p. 4) .
Because water-level data indicated that shallow ground water moves from the plant area toward the north marsh, the marsh area was investigated in 1981 to determine the presence and extent of any ground-water contamination in that area. At each of nine sites in the marsh, a shallow well (10 to 20 feet deep), an intermediate depth well (21 to fJO feet deep), and a deep well (49 to 70 feet deep) were installed. At two additional sites in the marsh, only intermediate depth and deep wells were installed. In 1981, water samples were collected from these 31 wells. The samples were analyzed for pH, total organic carbon, chloride, specific conductance, cadmium, chromium, calcium, and zinc. Based on these analyses, Geraghty and Miller, Inc. (1981a, p. 6) , concluded that contaminated ground water underlay the north marsh up to 600 feet from the plant area. Contaminant concentrations generally were lower in samples from shallow wells than in samples; from intermediate and deep wells (Geraghty and Miller, Inc., 1981a, table V.) . i To determine whether the shallow and deep zones of the aquifer are hydraulically connected, an aquifer test Was conducted in the north marsh in 1981. The test revealed the presence of ^n indirect connection, at least in the north marsh area (M.F. Wolfert, Geragljity and Miller, Inc. , written commun., 1981) .
In 1972, RES installed an abatement-we11 system that was designed to remove contaminated water from the aquifef and to prevent it from moving offsite. Contaminated water pumped by the abatement wells is treated by the onsite wastewater-treatment system and then is discharged into Raccoon Creek. The system initially consisted of six wells located along a line extending generally east-west through the center of the plant. A total of 14,400 gallons per day of contaminated water was pumped (Johe and Stotler, 1981 , p. 4). Between 1972 , the abatement system was redesigned many times by adding wells and increasing total pumpage. By 1982, 16 abatement wells, including 11 in the north marsh, were pumping between 98,000 and 190,000 gallons per day (Geraghty and Miller, Inc^, 1982a, Beginning in 1972, changes in the distribution of dissolved solids in ground water have been used at RES as an jLndicator of changes in ground-water quality. In order to delineate the spatial extent of ground-water contamination, a dissolved-solids concentration of 500 ppm has been used to differentiate between contaminated and unpontaminated water.
Ground-water samples were collected from all available observation wells in 1972, 1975, and each year from 1978 through 1984 . The number of observation wells at RES has varied over the years because many wells have been added or removed since 1972. Currently, there are approximately 38 observation wells in the north marsh area, 44 in the plant area, and six south of the plant area at distances of up to 600 feet from the plant.
The distribution of dissolved solids in ground-water samples collected in 1972 indicated the presence of contaminated water only beneath the plant area (Geraghty and Miller, Inc., 1972, p. 21) . By 1975, dissolved-solids concentrations in the shallow ground water beneath the plant area had increased and contamination had spread into the north marsh (Geraghty and Miller, Inc., 1976, p. 10, 14) . By 1978, the contaminated area had not increased in size but the level of contamination had increased significantly, most notably in the north marsh (Geraghty and Miller, Inc., 1978, p. 7) . From 1979 through 1984, little additional change was noted in the areal distribution of contaminated ground water, except for continued spreading into the north marsh (Geraghty and Miller, Inc., 1979, p. 5; Geraghty and Miller, Inc., 1980, p. 3-4; Geraghty and Miller, Inc., 1981b, p. 8; Geraghty and Miller, Inc., 1982b, p. 7; Geraghty and Miller, Inc., 1983b, p. 5; Geraghty and Miller, Inc., 1984a, p. 7) .
Water samples collected and analyzed for dissolved solids also were analyzed for a variety of additional constituents. Since sampling began in 1972, the suite of chemical constituents analyzed, the methods of analysis, and the number of available observation wells have changed many times. In this report two complementary data sets, one from 1979 and one from 1984, are summarized in tables 4 and 5, respectively. The wells listed in tables 4 and 5 are divided into two groups based on depth. Shallow wells range in depth from 7 to 40 feet; intermediate depth and deep wells range in depth from 21 to 125 feet (Geraghty and Miller, Inc., 1984a, appendix B, tables 1-2) . In 1979 and 1984, samples from some shallow wells contained arsenic, cadmium, chromium, copper, lead, zinc, dissolved solids, chloride, iron, manganese, nitrate, and (or) sulfate in concentrations exceeding USEPA drinking-water standards and PCB's in concentrations exceeding the NJDEP the drinking-water standard. Within the shallow zone, samples from the plant area generally contained the highest concentrations of contaminants, whereas samples from the area south of the plant generally contained the lowest concentrations.
In 1979, water samples from deep wells within the plant area contained iron and nitrate in concentrations exceeding USEPA drinking-water standards. At that time, no deep wells existed north or south of the plant area. In 1984, samples from deep wells south of the plant area were not found to contain any constituents in concentrations above drinking-water standards, but samples from intermediate depth and deep wells north of the plant area contained dissolved solids, arsenic, and chromium in concentrations exceeding drinking-water standards.
The 1984 data indicate that the vertical distribution of contamination was different in the north marsh than in the rest of the site. In the north marsh, water samples from the intermediate depth and deep zones generally had higher contaminant concentrations than did samples from the shallow zone. Elsewhere, samples from the shallow zone generally were more contaminated than samples from intermediate depth and deep zones. New Jersey. Constituents covered by these criteria have been determined to be harmful to public health (New Jersey Register, 1987) . d USEPA Secondary Drinking-Water Recommended Limit. These standards are for esthetic qualities of water such as taste and odor (U.S. Environmental Protection Agency, 1979a). e USEPA Primary Drinking-Water Regulation. Constituents covered by these criteria have been determined to be harmful to public health (U.S. Environmental Protection Agency, 1986). No drinking-water standard has been established for this constituent.
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The NJDEP collected water samples from (eight wells located north, east, and south of the RES property in 1980 and ISlSl to determine whether ground water on property surrounding the RES plant was contaminated. The eight wells are located at distances ranging from 200 to 3,000 feet from the plant. Depths of six of the wells ranged from 10 to 90 feet; the depths of two wells are unknown. The samples were analyzed by the New Jersey Department of Health. None of the samples contained detectable concentrations of volatile organic compounds, and no inorganic constituents were detected in concentrations exceeding USEPA drinking-water standards (Miller and others, 1982, p. 27 ).
In 1984, Malcolm Pirnie, Inc., collected water samples from wells near the RES plant to determine whether off-site ground-water quality had been affected. Water from four of the wells previously sampled by the NJDEP was analyzed, and additional observation wells were installed at three sites near the plant. These sites are located approximately 200 feet north of the plant, 400 feet north of the plant, and 2,000 feet southwest of the plant, across Raccoon Creek. Two wells were installed at each site one about 20 feet deep and one about 75 feet deep (Malcolm Pirnie, Inc., 1985, p. 8-2) .
Samples from these wells were analyzed [for the 127 priority pollutants established by the USEPA (U.S. Environmental Protection Agency, 1979b). The priority pollutants include 89 organic compounds, 18 pesticides, seven PCB's, and 13 metals (Keith and Telliard, 1979) . None of the samples contained concentrations of any priority pollutant in excess of USEPA drinking-water standards, and none contained more than 9 ppb total organic priority pollutants (Malcolm Pirnie, Inc., 1985, table 10-3).
These samples also were analyzed for ot^her organic compounds that cannot be positively identified by using existing laboratory methods. No drinkingwater standards have been established for any of these compounds. Between one and six tentatively identified organic compounds were detected in samples from four of the wells. The well where the highest concentration of tentatively identified compounds was found was the shallow well across Raccoon Creek, in which the total estimated concentration of tentatively identified organic compounds was 97.7 ppb (Malcolm Pirnie, Inc. 1985, table 10-4) . However, it could not be determined whether the contaminants found in that well originated at the RES site (Malcolm Pirnie, Inc., 1985, p. ES-2) . The total concentration of tentatively identified compounds in the three remaining wells in which these compounds were detected was less than 9 ppb (Malcolm Pirnie, Inc., 1985, table 10-4).
In summary, investigations have determined that shallow ground water within 600 feet of the plant contains arsenic, cadmium, chromium, copper, lead, zinc, dissolved solids, chloride, iron, manganese, nitrate, and sulfate in concentrations that exceed USEPA drinking-water standards and PCB's in concentrations that exceed the NJDEP drinking-water standard. Ground water at depths greater than 20 feet below land surface under the north marsh and the plant area also is contaminated, but deep ground water south of the plant area is not contaminated. Off-site investigations have not revealed the presence of any ground-water contamination derived from the RES site.
SUMMARY
The Potomac-Raritan-Magothy aquifer system is the sole source of potable water in Logan Township, New Jersey. Four industrial sites in the Township are located in the outcrop area of that aquifer system. Investigations conducted between 1970 and 1985 indicated the presence of contaminated ground water at each of the four industrial sites and documented the presence of contaminated ground water in areas adjacent to two of the sites.
Bridgeport Rental and Oil Services, Inc. was a waste-oil processing and storage operation from the early 1960's to 1979. The major potential source of ground-water contamination at the site is an 11.8-acre lagoon in which waste oil has been stored. Although dikes surround the lagoon, liquids in the lagoon have spilled onto the surrounding land on at least one occasion.
On the basis of chemical analyses of ground-water samples collected from the BROS oil lagoon and from 46 nearby wells, previous investigators concluded that leakage from the oil lagoon caused contamination of ground water in wells as far as 1,000 feet from the lagoon, including five domestic wells north and northwest of the lagoon, but that ground-water contamination detected at distances greater than 1,000 feet from the oil lagoon was not derived from the BROS site.
Chemical Leaman Tank Lines, Inc., has been operating in Logan Township since 1960. The company consists of a tank-truck terminal where chemicaltransportation tanks are maintained, dispatched, and cleaned. Potential sources of ground-water contamination at the CLTL site include lagoons into which wastewater was discharged, an area used for storage of drums containing chemicals, and leaking tank trucks. All of these contamination sources have been removed.
Results of chemical analyses of ground-water samples collected from 25 observation wells on the CLTL property and four domestic wells immediately north of the property indicated that ground-water is contaminated in areas around the former lagoons as well as the drum-storage area, and that ground water in the northern part of the property, where no known surficial source of contamination exists, also is contaminated. Domestic wells directly north of the property are contaminated as well; eight of the nine organic compounds detected in the domestic wells were also detected in wells on the CLTL property.
Monsanto Company has manufactured phthalic anhydride, phthalate esters, organophosphates, and other industrial organic compounds in Logan Township since 1961. The only documented potential sources of ground-water contamination at the Logan Township facility are four landfills that contain industrial wastes. Three of the landfills no longer are used and have been covered. Contaminated ground water has been detected at distances up to 100 feet from one of the closed landfills. A slurry wall was built around that landfill to prevent further migration of contaminants. There is no documented evidence of ground-water contamination emanating from the three other landfills.
Analyses of water samples collected from 21 wells on the Monsanto Company property indicated that shallow ground wa.ter underlying the central part of the property, the site of manufacturing operations, and the northern part of the property, where landfills are located., is contaminated by organic chemicals in concentrations exceeding NJE'EP drinking-water standards. Shallow ground water south of the plant is within NJDEP and USEPA drinking-water standards, and deep ground water underlying all parts of the property is within NJDEP drinking-water standards for organic chemicals. Ground-water in the Monsanto area either flows toward nearby surface-water bodies or is captured by pumpage for plant operations. There is no documented evidence of off-site ground-water contamination caused by Monsanto Company operations.
Rollins Environmental Services has operated a hazardous-waste-treatment and -disposal facility in Logan Township since 1970. The major source of ground-water contamination at RES is a series of landfills in which solids and sludge from waste-treatment processes were deposited. Because the landfills were found to be leaking, they have not been used since 1980, and steps were taken to prevent further leakage of hazardous liquids from the basins. In 1972 RES installed an abatement-well system to remove contaminated water from the aquifer and to prevent it from moving off-site.
Chemical analyses of ground-water samples collected in 1979 and 1984 indicate that shallow ground water (up to 40 feet deep) within 600 feet of the RES plant area contains concentrations of arsenic, cadmium, chromium, copper, lead, zinc, dissolved solids, chloride, iron, manganese, nitrate, and sulfate in concentrations that exceed USEPA drinking-water standards and PCB's in concentrations exceeding the NJDEP drinking-water standard. Deep ground water (from 21 to 125 feet deep) underlying the north marsh and the plant area also is contaminated, but deep ground water south of the plant area is not contaminated. Changes in the distribution of dissolved solids in ground water between 1972 and 1984 indicate that contamination spread from the plant area into the north marsh during that period. Investigations conducted on property adjacent to RES have not revealed any off-site ground-water contamination caused by RES operations.
